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(S) Tape driving apparatus. 



(57) A tape driving apparatus comprises reel driv- 
ing circuits for driving a supply reel and a 
take-up reel, respectively, tape radius detecting 
circuits for detecting information of a tape 
radius remaining on the supply reel and wound 
on the take-up reel, respectively, a take-up (or 
supply) reel controlling circuit for producing 
take-up (or supply) side torque information and 
controlling the take-up (or supply) reel, a coeffi- 
cient setting circuit for setting a determining 
coefficient of feed torque for the supply (or 
take-up) reel in accordance with the tape radius 
information of the supply or take-up reel, a feed 
torque value determining circuit for determin- 
ing feed torque information of supply (or take-u- 
p) reel from the take-up (or supply) side torque 
information, the tape radius information of the 
supply and take-up reel and the determining 
coefficient of the feed torque, a back (or take-u- 
p) torque value determining circuit for deter- 
mining back torque information proportional to 
the tape radius information of the supply reel 
(or take-up torque information of the take-up 
reel during tape travel at a constant-speed), a 
decision circuit for outputting a torque infor- 
mation change-over signal on the basis of a 
mode change-over command, the feed torque 
information and the back (or take-up) torque 
information, and a change-over circuit for send- 
ing either one of the feed torque information 
and the back (or take-up) torque information to 
the supply (or take-up) reel driving circuit on the 
basis of the torque information change-over 
signal. 
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BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

DESCRIPTION OF RELATED ART 

The ^ents ,. and , T of inerta of the supp.y and taKe-up reeis are determined u^Slng epua . 



tions 



and 



's = ^ 0" so - ys F s ) 



't = J(T T o-yrF T ) 



tape supply and take-up sides ' Ts a " d Ft are the te » e ten *™* °" the 

and^Su^^ 



and 



dt 



's + y s F s 



Tt ■ -dT ,T YtFt 



where co s and <o T are the angular velocities of the supply and take-up reels 

In th,s manner, stable start/stop oan be realized without damaging the magnetic taoe or the lik, 

SUMMARY OF THE INVENTION 

*»4 n i«.° IT™;!: r^'r""!?? "if abo,e wMem ' in - * » • 
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substantially constant value, which reduces tape damage. The above object of the invention can realize a rapid 
response to a command during deceleration or stopping of the tape, and a small deviation of an actual stop 
position from a desired stop position. 

To attain the above object, a tape driving apparatus according to the present invention comprises driving 

5 means for driving a supply reel and a take-up reel, respectively, remaining tape radius detecting means for 
detecting information of the tape radius remaining on the supply reel, wound tape radius detecting means for 
detecting information of the tape radius wound on the take-up reel, take-up reel controlling means for producing 
take-up side torque information and for controlling the take-up reel, coefficient setting means for setting a deter- 
mining coefficient of feed torque for the supply reel in accordance with the take-up side torque information and 

10 the tape radius information of the supply reel or the take-up reel, feed torque value determining means for deter- 
mining feed torque information of the supply reel on the basis of the take-up side torque information, the infor- 
mation of the remaining tape radius on the supply reel, the information of the wound tape radius on the take-up 
reel and the determining coefficient of the feed torque, back torque value determining means for determining 
back torque information proportional to the information of the remaining tape radius on the supply reel, decision 

15 means for outputting a torque information change-over signal on the basis of a mode change-over command, 
the feed torque information and the back torque information, and change-over means for sending either one 
of the feed torque information and the back torque information to the supply reel driving means on the basis 
of the torque information change-over signal. 

With the above construction, upon start, the feed torque value determining means determines the feed tor- 

20 que for the supply reel on the basis of the take-up side torque information, the information of the remaining 
tape radius on the supply reel and the information of the wound tape radius on the take-up reel so that a tape 
tension is always kept at a substantially constant value. Thereby, even in the case where a rapid start is made 
under the information of the maximum torque outputted by the take-up reel controlling means, the tape is not 
damaged and a load of the take-up reel is kept small. 

25 Further, the above construction works well during deceleration or stopping of the tape. The feed torque 

value detennining means determines a feed torque of the take-up reel on the basis of supply side torque infor- 
mation, the information of the tape remaining radius on the supply reel and the information of the wound tape 
radius on the take-up reel so that a tape tension is always kept at a substantially constant value. Thereby, even 
in the case where a rapid deceleration or stopping of the tape is performed under the information of the 

30 maximum torque outputted by the supply reel controlling means, the tape is not damaged and a load of the 
supply reel is kept small. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 Fig. 1 is a block diagram showing the construction of a tape driving apparatus according to a first embo- 

diment of the present invention; 

Figs. 2A, 2B and 2C show flow charts of a software, incorporated in a microcomputer, which is used in the 
first embodiment; 

Fig. 3 is a timing chart showing a change in signal of each part in the first embodiment; 
40 Fig. 4 is a block diagram showing the construction of a tape driving apparatus according to a second embo- 

diment of the present invention; 

Figs. 5A, 5B and 5C show flow charts of a software, incorporated in a microcomputer, which is used in the 
second embodiment; 

Fig. 6 is a timing chart showing a change in signal of each part in the second embodiment; 
45 Fig. 7 is a block diagram showing the construction of a tape driving apparatus according to a third embo- 

diment of the present invention; 

Figs. 8A, 8B, and 8C show flow charts of a software, incorporated in a microcomputer, which is used in 
the third embodiment; 

Fig. 9 is a timing chart showing a change in signal of each part in the third embodiment; 
so Fig. 10 is a block diagram showing the construction of a tape driving apparatus according to a fourth embo- 

diment of the present invention; 

Figs. 1 1 A. 1 1 B and 1 1 C show flow charts of a software, incorporated in a microcomputer, which is used 
in the fourth embodiment; 

Fig. 12 is a timing chart showing a change in signal of each part in the fourth embodiment; 
55 Fig. 13 is a block diagram showing the construction of a tape driving apparatus according to a fifth embo- 

diment of the present invention; 

Figs. 14A, 14B and 14C show flow charts of a software, incorporated in a microcomputer, which is used 
in the fifth embodiment; 



3 



EP 0 488 634 A2 



20 



Fig. 15 is a timing chart showing a change in signal of each part in the fifth embodiment- 
o^tS^ 

5 2^1^^ *°" **** * which is used h 

Fig. 18 is a timing chart showing a change in signal of each part in the sixth embodiment- 
e^l^LtZl SST" ° f 3 ^ ""»""■ - « sevens 

» inlhVsete^^^^^ 

Fig. 21 is a timing chart showing a change in signal of each part in the seventh embodiment 
inven^on? ^ Va,U6S ° f " '° SS ^ m ° t0r in the em bodiments of the present 

« to^to Va,U6S ° f 3 re ' aWVe 10 ^ t3Pe rad ' US " - «- to *** • 

rrbetu w id e values of a tape tension re,at,ve to the tepe radius ° n the - <° «** * 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention will now be explained referring the accompanying drawings 

-J?- i^tSiS^ ^ C ° nS,rUCti0n ° f 3 drMn9 «"*'» " 3 ™ 

In Fig. 1 a tape 2 is un-wound from a supply reel 3A and wound on a take-up reel 3B and is partially wound 
over a predetermined angle on a cylinder 1 disposed between the two reels. A supply reel motor 4* S S 
up ree. motor 4B are driven by a supply ree. driving circui, 5A and a taKe-up reel dn vfng c^^iSj" 
to give nun torques to the supply reel 3A and the take-up reel 3B. A take-up reel control.ing cE£5ES£ 

mand J by use of pulses (FG) which are outputted from a supply reel rotation speed detector 6A an^ak^ 
reel rotauon speed detector 6B. A supply reel tape radius detecting circuit 7A detects the rema7ningl Pe radius 
on the supply reel 3A from the pulses (FG) outputted from the supply reel rotation speed detector A back 
torque value determ.nmg circuit 9 outputs a supp.y side torque value a proportional to Lrmation of mer^ma? 
,ng tape rad,us on the supply ree. outputted from the remaining tape radius detecting circuit 7A A coeTden 
setfng crcu,, 201 sets a coefficient in accordance with the information of the remaining ta£ Ldiu ^ Te sl 
.ply ree outputted rom the remaining tape radius detecting circuit 7A. A feed torque value detaining JSt 

TT 3 T T V3,Ue f ° r the SUPP ' y r6el 3A ' °" the basis of a equatonThich wZ 

menboned later on. from the coefficient set by the coefficient setting circuit 201 , the information of tne email™ 
tepe rad.us on the supply reel outputted from the remaining tape radius detecting circuit 7A. the ir^Ztion tf 
ft. wound tape radrus on the take^p ree. outputted from a wound tape radius detecting circu itTTnd the 
take^ps^torquevalueboutputtedfrommetake-upreelcontroH 

a torque changeover command f from the mode changeover command d, the feed torque value and a bS 
torque value and sends it to a changeover circui, 231. The change-overcfrcuit 231 outpu Jthe back tott 
v^e or the feed torque va.ue to the supply reel dnVing circuit 5A in accordance with the torque chang^ver 

fa J t T' S , etti " 9 coefficient made b V «» coefficient setting circuit 201 and the determination of the 

ezszzsx the feed torque vaiue deteminin9 circuit 211 wai - * oCi: 

The tape radii of the reels, the moments of inertia of the reels, the tape tensions, the torques generated 
byfte motors, the angular velocities of the reels and the angular alterations of the reels JHZSHHS. 

Ys : the tape wind radius of the supply reel 3A, 
7t : the tape wind radius of the take-up reel 3B ( 
y s : the moment of inertia of the supply reel 3A, 
Yr : the moment of inertia of the take-up reel 3B, 
F s : the tape tension in the side of, the supply reel 3A 
F T : the tape tension in the side of the take-up reel 3B 
T s : the torque generated by the supply reel motor 4A, 
T T : the torque generated by the take-up reel motor 4B, 
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a> s : the angular velocity of the supply reel 3A, 
or : the angular velocity of the take-up reel 3B, 
<b s : the angular acceleration of the supply reel 3A, 
cbj : the angular acceleration of the take-up reel 3B, 
5 where each of T s , T T , © S( ri^, <o s and coj is assumed to take a positive value in a tape take-up direction. The 
equation of motion of the supply reel represented by 

I s *g>s = Ts-ys-Fs (1) 
and the equation of motion of the take-up reel is represented by 

Ircbj = T T -y r F T (2) 
10 Further, the speed V T of the tape during travel is represented by 

V T = (Dr-y T = -o S 'Ys 

Differentiating this equation, we obtain 

cbrYr = -cos-Ys • (3) 

From equations (1), (2) and (3), a torque T s generated by the supply reel motor can be written as follows: 

Ts * r?(YrF T -T T ) + y 8 .F 8 . (4) 

On the other hand, a relationship between the tape tension F s of the supply reel 3A and the tape tension F T of 
the take-up reel 3B is determined depending on a tape travelling system and is represented by 

Ft = K.F S 

20 where K is a constant of the tape travelling system. Introducing this relationship into equation (4), we obtain 

Ts = p~ (Yt K F s - T T ) + y s -F s . (5) 
'rYs 

The content of the calculation made by the feed torque value determining circuit 21 1 is what is represented by 
equation(5). 
25 When the coefficient 

f** (6) 
IrYs 

included in equation (5) is calculated for the remaining tape radius on the supply reel 3A (on the feed torque 
generating side) in conjunction with the actual tape (VHS 120-minute video tape), there is obtained a graph as 
shown by dotted line in Fig. 23. In order the simplify the determination of the feed torque value, the graph shown 
by dotted line is approximated to that shown by a solid line in Fig. 23. A tape tension, when such an approxi- 
mation is made, results in a solid line shown in Fig. 24. From Fig. 24, it is seen that the approximated tape 
tension falls within about ±25% as compared with a goal value shown by a dotted line. In summary, the setting 
of the coefficient made by the coefficient setting circuit 201 is the setting the value of equation (6) by use of 
the information of the remaining tape radius on the supply reel and is shown by the solid line of Fig. 23. 

The operation of the tape driving apparatus of the present embodiment having the above construction will 
now be explained using flow charts shown in Fig. 2 and a timing chart shown in Fig. 3. 

In the present embodiment, the whole of a portion 301 enclosed by a dotted line in Fig. 1 is realized in the 
form of a software running on a micro-computer. The flow charts shown in Figs. 2A, 2B and 2C are those of 
the software incorporated in the microcomputer. The timing chart shown in Fig. 3 illustrates temporal changes 
of the supply side torque value a, the take-up side torque value b, the tape speed information, the mode change- 
over command d, the torque change-over command f, and the tape tension at that time. 

A processing performed in the microcomputer includes processings A and B which are activated by FG 
signals respectively generated from the supply reel rotation speed detector 6A and take-up reel rotation speed 
detector 6B and a processing C which is always activated at a constant period. 

Upon start of FF travel, the processing C shown in Fig. 2C receives a command of high-speed travel. Then, 
the sum of the squares of FG periods detected through the processings A and B is determined and a speed 
error against a goal speed is determined. Next a back torque value is determined which is proportional to a 
remaining tape radius on the supply reel determined in the processing A. And, a coefficient of the solid line 
shown in Fig. 23 is set from the remaining tape radius on the supply reel. Thereafter, from the coefficient, the 
speed error and the tape radii determined in the processings A and B, a feed torque value according to equation 
(5) is determined with a tension (F s ) being set to a value slightly higher than that in the normal travel. The feed 
torque value is compared with the back torque value. In the case where the back torque is larger than the feed 
torque, the speed error is outputted through a D/A converter to the take-up reel driving circuit 5B while the feed 
torque is outputted through a D/A converter to the supply reel driving circuit 5A. On the other hand, in the case 
where the feed torque is larger than the back torque, the speed error is outputted through the D/A converter to 
the take-up reel driving circuit 5B while the back torque is outputted through the D/A converter to the supply 
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reel driving circuit 5A. 

ud riirm ^ZT ° Perati0n eXP ' ained ab ° Ve ' UP ° n Start> 3 lar 9 e ^ke-up torque is generated atthe take- 
up reel 3B and a feed torque is generated at the supply reel 3A, as shown in Fig. 3. Thereby high-speed start 
can be realized with the tape 2 being kept at a stable condition having a tension va.ue siighJy hfghe than «S 

reel 3A, thereby making a stable tension control during the normal travel 

ahnn^n t0 PfeSent embodimen, menti0 " ed ab °ve, a control to cause no tape damage due to an 
abnormal tens-on upon issuance of a mode change-over command d for start can be made by ?rovwU the 
coefficient setting circuit 201 for setting a coefficient on the basis of information of the remainingTpe rad us 
on the supply reel, the feed torque value determining circuit 211 for determining a feed torque vie Eased on 
the£« 

on the supply reel and take-up side torque information, the decision circuit 221 for outputting a torque chanqe^ 

,h?b P a Z n 3 f T*< Va,US thS ^ t0rqUe Va,Ue ' and the ^9e-over circuit 231 for ouS 
cL^vT^ 

with 2\:TJ£Z™ be rapid ' y br ° U9ht in, ° 3 9031 ^ and h6nCe a " FF ' REW - 1- shortened 
Further, an excellent performance can be realized through a very easy operation by steo-wise makino th* 

sr* i P h ;;r fficient by the coefficient settin9 circuit 201 for °< ^2 ™ 

Furthermore, in the present embodiment, all processings are performed by the software on a microcom 
puter. thereby atta ning such advantages as circuit size reduction, weight reduction and space saving a5 the 
processes ha ve been performed by software even hitherto, such advantages can be realized with no increase 
in cost and hence the practical value of the present embodiment is very high 

dime^t^ 

Explanation of the same components in Fig. 4 as those in Fig. 1 will be omitted A taoe soeerf rfpWhW, 
circuit 10 outputs tape speed information c at that time by use o'pulses (FG)^Z^^^S2 
rotauon speed detector 6A and the take-up reel rotation speed detector 6B. A feeS torque va.ue deSnTno 

matl ^f th 63 3 ^ Va ' Ue ^ 8 COeffiCient ° UtpUtted fr0m the c rcuf 2 oTiZr 9 

ma ,on of the rema.ning tape radius on the supply reel, information of the wound tape radL on the takZ> 

em! 3 ? 3 I T Side ' 0rqUe k " aCCOrdanCe Wfth eqUati °" < 5 > e *P lai " ed >" 

toTe Ze 9 C ' rCUit 1 ° ^ " 3 rela,i ° n Sh ° Wn hereinu " d ^ «""eby determining afeed 

Now assume that a goal speed of the tape is V T . In the case where the feed torque value in a feed direction 
co^ponding to a negative value of the right-hand side of equa,ion(5). the feed torque value is dete^" 
a re'ation shown ,n Table 1. .n the case where the feed torque value is in a take-Lp direction m e™ e 2 
equation (5) is determined as the feed torque value as it is. 

Table 1 



TAPE SPEED 


FEED TORQUE VALUE 


0 - VT/2 


VALUE OP EQUATION (5) 


VT/2 - 3 VT/4 


VALUE OF EQUATION (5) X 1/2 


3 VT/4 - 7 VT/8 


VALUE OF EQUATION (5) X 1/4 


7 VT/8 - 


0 



The operahon of the tape driving apparatus of the present embodiment having the above construction will 

I h7Jrl7ntr h 9 H° W 'IT " Fi9S - 5A ' 58 3nd 5C 3nd 3 <* art *«- h^S 

In the present embodiment, the whole of a portion 302 enclosed by a dotted line in Fig. 4 is realized in the 
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form of a software running on a microcomputer. The flow charts shown in Figs. 5A, 5B and 5C are those of the 
software incorporated in the microcomputer. The timing chart shown in Fig. 6 illustrates temporal changes of 
the supply side torque value a, the take-up side torque value b, the tape speed information c, the mode change- 
over command d, the torque change-over command f, and the tape tension at that time. 

5 A processing performed on the microcomputer includes processings A and B which are activated by FG 

signals respectively generated from the supply reel rotation speed detector 6A and the take-up reel rotation 
speed detector 6B and a processing C which is always activated at a constant period. 

A basic operation at the time of start of FF travel is similar to that in the first embodiment but the processing 
C shown in Fig. 5C includes classifying a tape speed at that time into four ranges based on the value of a speed 

10 error and a feed torque value determined from equation (5) is corrected in accordance with Table 1. 

Thus, as shown in Fig. 6, a feed torque value of the supply side torque value a becomes small as the tape 
speed becomes high. When the feed torque value takes a torque value in a take-up direction, the feed torque 
value is outputted as it is. By thus controlling the feed torque value, a tape tension upon start becomes gradually 
high from a point of time when the tape speed reaches one half of the goal speed. When the tape speed 

15 approaches the goal speed, a back torque is applied to the supply reel, thereby making a stable tension control 
during the normal travel. 

According to the present embodiment mentioned above, a control to cause no tape damage due to an 
abnormal tension upon issuance of a mode change-over command d for start can be made by providing the 
tape speed detecting circuit 10 for outputting tape speed information c, the coefficient setting circuit 201 for 
20 setting a coefficient based on information of a remaining tape radius on the supply real, the feed torque value 
determining circuit 212 for determining a feed torque value based on the coefficient, the information of the 
wound tape radius on the take-up reel, the information of the remaining radius on the supply reel, take-up side 
torque value b and the tape speed information c, the decision circuit 221 for outputting a torque change-over 
command f in accordance with the mode change-over command d and through comparison of a back torque 
25 value and the feed torque value, and the change-over circuit 231 for outputting the back torque value or the 
feed torque value to the supply reel driving circuit 5A in accordance with the torque change-over command f. 

Also, a tape speed can be rapidly brought into a goal speed and hence an FF/REW time can be shortened 
with the same tape speed. 

Further, since a tape tension, when the tape speed reaches the goal speed, is set to a high value, the slack 
30 of the tape can be prevented from occuring at the time of the actual tape travel due to the lowering of the tension 
caused by a difference in loss torque between motors in the case where a difference in the tape radii between 
the supply and take-up reels is large. 

Furthermore, an excellent performance can be realized through a very easy operation by step-wise making 
the setting of the coefficient by the coefficient setting circuit 201 according to the information of the wound tape 
35 radius on the take-up reel. 

In addition, in the present embodiment, all processings are performed by the software on a microcomputer, 
thereby attaining such advantages as circuit size reduction, weight reduction and space saving. If all the pro- 
cessings have been performed by software even hitherto, such advantages can be realized with no increase 
in cost and hence the practical value of the present embodiment is very high. 
40 Fig. 7 is a block diagram showing the construction of a tape driving apparatus according to a third embo- 

diment of the present invention. 

Explanation of the same components in Fig. 7 as those in Fig. 1 will be omitted. A supply side loss deter- 
mining circuit 31 A and a take-up side loss determining circuit 31 B receive supply reel rotation speed information 
and take-up reel rotation speed information outputted from the supply reel rotation speed detector 6A and the 
45 take-up reel rotation speed detector 6B, respectively, to determine a supply side loss k and a take-up side lose 
£ in accordance with a solid line in a graph shown in Fig. 22. A feed torque value determining circuit 214 deter- 
mines a feed torque value of the supply reel, in accordance with a relational equation shown hereinunder, based 
on the coefficient, information of a remaining tape radius onthe supply reel outputted from a remaining tape 
radius detecting circuit 7 A, information of a wound tape radius on the take-up reel outputted from a wound tape 
so radius detecting circuit 7B, the supply side loss information k, the take-up side loss £, and a take-up side torque 
value b outputted from the take-up reel controlling circuit 8B. 

Fig. 22 is a graph showing the values of a loss torque of the reel motor. The abscissa represents the rotation 
speed of the reel motor. A dotted line shown in Fig. 22 is the actual loss torque value. But, the loss determining 
circuits 31 A and 31 B determine the loss information k and £ by approximating the curve shown by the dotted 
55 line to a linear function shown by a solid line. 

Next, explanation will be made of the determination of the feed torque value produced by the feed torque 
value determining circuit 214. 

The loss torques of the reel motors are denoted as follows: 
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Mo>t): the loss torque of the take-up reel motor, 
f s (co s ): the loss torque of the supply reel motor, 
where each of fs(© s ) and Mc^) is assumed to take a positive valaue in a feed direction 

When introducing the loss torques of the reel motors into equations (1) and (2) shown in conjunction with 
the first embodiment, the equation of motion of the supply reel is represented by 

ls <i>s = T s - y s F s - f s (o) S ) (10) 
and the equation of motion of the take-up reel is represented by 

lr<i>r = T"t • Yt'Ft ' W°>t) (11) 
Determining a torque generated by the supply reel motor by use of equations (10) and (11) in a manner 
similar to that in the first embodiment, we obtain 

Ts = hte <YT K Fs " fr{c>T) ' Tt + Ys ' Fs + fs((Ds) (12) 

The ^ntent of the calculation made by the feed torque value determining circuit 214 is what is represented by 
equaoon (i^). 

The operation of the tape driving apparatus of the present embodiment having the above construction will 
now be explained using flow charts shown in Figs. 8A. 8B and 8C and a timing chart shown in Fig 9 

In the present embodiment, the whole of a portion 303 enclosed y. a dotted line in Fig. 7 is realized in the 
town of a software running on a microcomputer. The flow charts shown in Figs. 8A, 8B and 8C are those of the 
software mcorporated in the microcomputer. The timing chart shown in Fig. 9 illustrates temporal changes of 
the supply side torque value a, the take-up side torque value b, the tape speed information, the mode change- 
over command d, the torque change-over command f, and the tape tension at that time. 

A processing performed on the microcomputer includes processings A and B which are activated bv FG 
signals respectively generated based on the supply reel rotation speed detector 6A and the take-up reel rotation 
speed detector 6B and a processing C which is always activated at a constant period 

A basic operation at the time of start of FF travel is similar to that in the first embodiment but each of the 
processings A and B shown in Figs. 8A and 8B additionally includes determining a loss torque conformable to 
tJie rotaton speed of the reel motor at that time by use of the FG period detected and the processing C 
additionally includes determining a feed torque from equation (12) by use of the loss torques determined in the 
processings A and B. 

Thus in the case where a tape radius on the feed torque generating side is large, a feed torque value of 
the supply s.de torque value a becomes gradually small as a tape speed becomes high, as shown in Fig 9 
Thereby, a rap.d start is made with a stable tape tension being always kept irrespective of the tape speed ' 

Accord.ng to the present embodiment mentioned above, a control to cause no tape damage due to' an 
abnormal tension upon issuance of a mode change-over command d for start can be made by providing the 
remaining tape radius detecting circuit 7A for determining infcmation of the remaining tape radius on the supply 
reel the wound tape radius detecting circuit 7B for determining the information of the wound tape radius on 
*e take-up reel the supply side loss determining circuit 31A for determining supply side loss information k. 
the take-up side loss determining circuit 31 B for determining take-up side loss information « , the coefficient set- 
ting circuit 201 for setting a coefficient based on information of a remaining tape radius on the supply reel the 
feed torque value determining circuit 214 for determining a feed torque value based on the coefficient the infor- 
ma ion of the wound | tape radius on the take-up reel, the information of the remaining tape radius on the supply 
reel the supply s.de loss ^formation k, the take-up side loss information £ and take-up side torque information 
the dec.s.on circuit 221 for outputting a torque change-over command f in accordance with the mode change^ 
over command d and through comparison of a back torque value and the feed torque value, and the chanoe- 
over circuit 231 for outputting the back torque value or the feed torque value to the supply reel driving circuit 
5A ,n accordance wrth the torque change-over command f. Also, a tape speed can be rapidly brought into a 
goal speed and hence an FF/REW time can be shortened with the same tape speed 

Further, the feed torque value determining circuit 214 uses the supply side loss information k and the take- 
up side loss mformation £ for determination of the feed torque value. Therefore, even in the case where a dif- 
ference in tape radii between supply reel 3A and the take-up reel 3B is large, a tape tension can be kept at a 
constant value even in a transition state with no occurrence of the slack of the tape, thereby making it possible 
to realize a stable start operation. i~*a.u.c 

a "J f™ U " , \* srioman <* <*" be realized through a very easy operation by determining the 
loss informationkandibythe loss determining circuits 31A and 31 B from a linear function of the rotation speed 
information of each reel and step-wise setting of the coefficient by the coefficient setting circuit 201 based on 
the information of the remaining radius on the supply reel. 

In addition, in the present embodiment, all processings are performed by the software on a microcomputer, 
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thereby attaining such advantages as circuit size reduction, weight reduction and space saving. If all the pro- 
cessings have been performed by software even hitherto, such advantages can be realized with no increase 
in cost and hence the practical value of the present embodiment is very high. 

Fig. 10 is a block diagram showing the construction of a tape driving apparatus according to a fourth embo- 
5 diment of the present invention. 

Explanation of the same components in Fig. 10 as those in Fig. 4 will be omitted. In Fig. 10, a coefficient 
setting circuit 202 sets a coefficient in accordance with the information of a wound tape radius on the take-up 
reel outputted from a wound tape radius detecting circuit 7b. A feed torque value determining circuit 213 deter- 
mines a feed torque value, in accordance with a relational equation shown hereinunder, based on the coeffi- 
10 cient, information of a remaining tape radius on the supply reel, information of a wound tape radius on the 
take-up reel, and a supply side torque value a outputted from a supply side change-over circuit 232. A con- 
stant-speed travel take-up reel controlling circuit 8C receives pulses (FG) outputted from the supply reel rotation 
speed detector 6 A and the take-up reel rotation speed detector 6B to output a take-up control torque value for 
controlling a tape speed to a constant value in accordance with a command from a decision circuit 222. A decei- 
ts eration torque value determining circuit 24 receives the pulses (FG) outputted from the supply reel rotation 
speed detector 6A and the take-up reel rotation speed detector 6B to output a deceleration torque value for 
decelerating the tape speed in accordance with a command from the decision circuit 222. The decision circuit 
222 produces change-over commands g and h from a mode change-over command d, the feed torque value, 
the take-up control torque value, a back torque value and the deceleration torque value to send them to the 
20 supply side change-over circuit 232 and a take-up side change-over circuit 233, respectively. The supply side 
change-over circuit 232 outputs the back torque value and the deceleration torque value to the supply reel driv- 
ing circuit 5A in accordance with the supply side torque change-over command g. The take-up side change-over 
circuit 233 outputs the take-up control torque value or the feed torque value to the take-up reel driving circuit 
5B in accordance with the take-up side torque change-over command h. 
25 Next, explanation will made of the setting of the coefficient made by the coefficient setting circuit 202 and 

the determination of the feed torque made by the feed torque value determining circuit 213. 

Interchanging the supply side and the take-up side in equation (5) explained in conjunction with the first 
embodiment, we obtain 



30 
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40 



SO 



55 



A coefficient 



T T = J^(Ys-Fs-F s ) + y r K-F T . (7) 



'sYt 



included in equation (7) is a reciprocal of the coefficient represented by equation (6) shown in conjunction with 
the first embodiment. However, since the side to which the feed torque is to be outputted is changed from the 
supply side to the take-up side, the graph of the coefficient shown in Fig. 23 with the feed side tape radius being 
taken along the abscissa can be used as it is. Also, the graph of the tape tension shown in Fig. 24 can be used 
as it is. 

The operation of the tape driving apparatus of the present embodiment having the above construction will 
now be explained using flow charts shown in Figs. 11A, 11B and 11C and a timing chart shown in Fig. 12. 

In the present embodiment, the whole of a portion 304 enclosed by a dotted line in Fig. 10 is realized in 
the form of a software running on a microcomputer. The flow charts shown in Figs. 1 1 A, 1 1 B and 1 1 C are those 
of the software incorporated in the microcomputer. The timing chart shown in Fig. 12 illustrates temporal 
changes of the supply side torque value a, the take-up side torque value b, the tape speed information, the 
45 mode change-over command d, the torque change-over commands g and h, and the tape tension at that time. 

A processing performed on the microcomputer includes processings A and B which are activated by FG 
signals respectively generated from the supply reel rotation speed detector 6A and the take-up reel rotation 
speed detector 6B and a processing C which is always activated at a constant period. 

At the time of deceleration from a high-speed FF travel to a low-speed FF travel, the processing C shown 
in Fig. 1 1 C includes changing a goal speed to a low value and determining a speed error to the low goal speed. 
And, a deceleration torque value is produced by inverting the sign of the speed error and adding a predeter- 
mined value to the inverted speed error. Next, a back torque value and a coefficient are determined from the 
supply reel tape radius. Then, from the coefficient, the deceleration torque and the tape radii on the supply and 
take-up reels determined in the processings A and B, a feed torque is determined in accordance with equation 
(7) with a tension (Fs) being set to a value slightly higher than that in the normal travel. The back torque and 
the deceleration torque are compared. In the case where the deceleration torque is larger than the back torque, 
the speed error during the high-speed FF travel, which corresponds to the take-up side torque, and the feed 
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torque are compared. When the feed torque is larger than the speed error during the high-speed FF travel the 
speed error » outputted through a DM converter to the take-up reel driving circuK SB whie the deceleration 

ZZLTZT^? ° /A r V6rter 10 tHe SUPP ' y ree ' Circui?5A - Whe " *• speed e^ duJng 
he high-speed FF travel ,s larger than the feed torque, the feed torque is outputted through the D/A converter 

to the takeop reel driving circuit 5B while the deceleration torque is outputted through the D/A converter to the 

torque, the speed error « outputted through the D/A converter to the take-up reel driving circuit SB while the 
back torque .s outputted through the D/A converter to the supply reel driving circuit 5A 
h .JrJiStnT 9 ^ 6 deCele , rati0n - 3 ,ar 9 e deceleration torque is applied to the supply reel and a feed torque 
is applied to the take-up reel, as shown in Fig. 12. Thereby, a rapid deceleration can be realized with the tape 
2 being kept at a stable condition having a tension value slightly higher than that during the normal travel When 
the tape speed approaches a goal speed, a back torque is applied to the supply reel, thereby making a stable 
tension control under the normal travel. 1 a 

202 fo^Inn xnJ^Tt emb f ,ment menlioned above . »ere are provided the coefficient setting circuit 
202 for setting a coefficient from mformation of a wound tape radius on the take-up reel, the feed torque value 
determine arcurt 213 for determining a feed torque value based on the coefficient/the liZSta o7£ 
wound tape rad.us on the take-up reel, information of a remaining tape radius on the supply reel and a sup jy 

corn ^ZTlf^ S ™ . CirCUit 222 f ° r ° UtPUttin9 3 SUpP ' y Side "*» changeover command g through 
comparison ,ofaback torque va.ue and a deceleration torque value and a take-up side torque change-over com- 
mand h through comparison of a take-up torque value and the feed torque value in accordance with a mode 
change-over command d, the supply side change-over circuit 232 for outputting the back torque va.ue or the 
deceleration torque value to the supply reel driving circuit 5A in accordance with the supply side torque change 

9 ' TV h T ke ', UP Side Chan 9 e " over ci ™* 233 for outputting a take-up control torque vaLe or 
the feed torque value to the take-up reel driving circuit 5B in accordance with the take-up side torque change- 
over command £, whereby a tape speed can be rapidly decelerated to a goal speed without causing tape dam- 
age due to an abnormal tension upon issuance of the mode change-over command d for deceleration thereby 
making it possible to improve remarkably the response speed. " «'«epy 

r J M ' " ^cellent performance can be realized through a very easy operation by step-wise setting of the 
coefficient by the coefficient setting circuit 202 by use of the information of the wound tape radius on the telup 

* Jh Urt !!r • emb0diment - a " the Pressings are performed by the software on a microcomputer 
thereby attammg such advantages as circuit size reduction, weight reduction and space saving. If all the pr^ 
cessmgs have been performed by software even hitherto, such advantages can be realized wkh no increast 
in cost and hence the practical value of the present embodiment is very high. . 

h- JT ) ?J S 3 di39ram Sh0Wi " 9 the constnjction of a '^e driving apparatus according to a fifth embo- 
diment of the present invention. 

Emanation of the same components in Fig. 13 as those in Figs. 10 and 7 will be omitted In Fiq 13 afeed 
torque value determining circuit 215 determines a feed torque value, in accordance with a relational equation 
shown hereunder, from a coefficient set by the coefficient setting circuit 202. information of a remaining 
rad.us on the supply ree., information of a wound tape radius on the take-up reel, supply side loss infonS 
h outputted from the supp.y side .oss determining circuit 31A. take-up side loss information t outworn 

s^js^s^r^r™'^ circuit 31B - and a suppiy side torque va,ue * ° utputted ^ — 

a „H IS!; ^ Xplana ! i0n w j"J be , made of the setti "9 of the coefficient made by the coefficient setting circuit 202 
and the determination of the feed torque va.ue made by the feed torque value determining circuit 21 5 

embotment we n oSL SUPP ' y "* ^ ** eqUaB ° n (12) 6XPlained ,n COnjuncBon with » e «« 

Tt = i^ (ys Fs " fs(<0 s)-T s + y r K-F s ♦ f^or) (13) 
The operation of the tape driving apparatus of the present embodiment having the above construction will 
now be explamed using flow charts shown in Figs. 1 4A. 14B and 14C and a timing chart shown in Fig 7s 
th, «fTT emb0d ' ment the whole of a P° rtion 305 enclosed by a dotted line in Fig. 1 3 is realized in 

of the software mcorporated in the microcomputer. The timing chart shown in Fig. 15 illustrates tempoS 
changes of the supply s.de torque va.ue a. the take-up side torque va.ue b. the tape speed in^aton the 
mode changeover command d. the torque change-over command g and h. and the tape tension at that me 
A process.ng performed on the microcomputer includes processings A and B which are activated by FG 
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signals respectively generated from the supply reel rotation speed detector 6A and the take-up reel rotation 
speed detector 6B and a processing C which is always activated at a constant speed. 

A basic operation during the deceleration from a high-speed FF travel to a low-speed FF travel is similar 
to that in the fourth embodiment but each of the processings A and B shown in Figs. 14A and 14B additionally 
5 includes determining a loss torque conformable to the rotation speed of the reel motor at that time by the FG 
period detected, and the processing C additionally includes determining a feed torque from equation (13) by 
use of the loss torque determined in the processings A and B. 

Thus, as shown in Fig. 15, in the case where a tape radius on the reel in the feed torque generating side 
is small, a feed torque value of the take-up side torque value b becomes gradually large as a tape speed 
w becomes high. Thereby, the lowering of a tape tension immediately after generation of the feed torque can be 
prevented and hence a rapid deceleration is made with the tension of the tape 2 being kept at a more stable 
condition. 

According to the present embodiment mentioned above, there are provided a remaining tape radius detect- 
ing circuit 7A for determining information of a remaining tape radius on the supply reel, a wound tape radius 

15 detecting circuit 7B for determining information of a wound tape radius on the take-up reel, a supply side loss 
determining circuit 31 A for determining supply side loss information k, a take-up side loss determining circuit 
31 B for determining take-up side loss information f , a coefficient setting circuit 202 for setting a coefficient 
based on the information of the wound tape radius on the take-up reel, a feed torque value determining circuit 
215 for determining a feed torque value based on the coefficient, information of the wound tape radius on the 

20 take-up reel, information of a remaining tape radius on the supply reel, a supply side loss information k, a take-up 
side loss information f and a supply side torque value a, a decision circuit 222 for outputting a supply side torque 
change-over command g through comparison of a back torque value and a deceleration torque value and a 
take-up side torque change-over command h through comparison of a take-up control torque value and the 
feed torque value in accordance with a mode change-over command d, a supply side change-over circuit 232 

25 for outputting the back torque value and the deceleration torque value to the supply reel driving circuit 5A in 
accordance with the supply side torque change-over command g, and a take-up side change-over circuit 233 
for outputting the take-up control torque value or the feed torque value to the take-up reel driving circuit 5B in 
accordance with the take-up side torque change-over command h, whereby a tape speed can be rapidly decel- 
erated to a goal speed without causing tape damage due to an abnormal tension upon issuance of the mode 

30 change-over command d for deceleration, thereby making it possible to improve remarkably the response 
speed. 

Also, a feed torque value determining circuit 215 uses the supply side loss information k and the take-up 
side loss information £ for determination of the feed torque value. Therefore, even in the case where a difference 
in the tape radii between the supply reel 3A and the take-up reel 3B is large, the tape tension can be kept at 

35 a constant value even in the transition state with no occurrence of the slack of the tape, thereby making it poss- 
ible to realize a stable deceleration operation. 

Further, an excellent performance can be realized through a very easy operation by determining the loss 
information k and £ by the loss determining circuits 31 A and 31 B from a linear function of the rotation speed 
information of each reel and step-wise setting of the coefficient by a coefficient setting circuit 202 based on the 

40 information of the wound tape radius on the take-up reel. 

Furthermore, in the present embodiment, all processings are performed on the software of a microcompu- 
ter, thereby attaining the effects of circuit size reduction, weight reduction and space saving. If processings 
have been performed on a software even hitherto, such effects can be realized with no increase in cost and 
hence the practical value of the present embodiment is very high. 

45 Fig. 16 is a block diagram showing the construction of a tape driving apparatus according to a sixth embo- 

diment of the present invention. 

Explanation of the same components in Fig. 16 as those in Fig. 10 will be omitted. In Fig. 16, a balanced 
torque value determining circuit 25 receives information of the remaining tape radius on the supply reel, infor- 
mation of the wound tape radius on the take-up reel and a supply side torque value a to determine a balanced 

50 torque value of an equation which will be shown hereinunder. A stop torque value setting circuit 26 outputs in 
accordance with a command from a decision circuit 223 a first stop torque which is to be applied to the supply 
reel irj order to rapidly decelerate the tape 2 during travel and a second stop torque which is sufficiently smaller 
than the first stop torque and is to be out putted when a tape speed becomes lower than a predetermined value. 
The decision circuit 223 produces supply side and take-up side torque change-over commands i and ] from a 

55 mode change-over command d and tape speed information c outputted from the tape speed detecting circuit 
10 to send them to a supply side change-over circuit 234 and a take-up side change-over circuit 235, respect- 
ively, and sends a braking command e to a reel braking mechanism 12. The supply side change-over circuit 
234 outputs a back torque value or the stop torque value to the supply reel driving circuit 5A in accordance 



11 



EP 0 488 634 A2 



with the supply side torque change-over command i. The take-up side change-over circuit 235 outputs a take-up 
control torque value, a feed torque value or the balanced torque value to the take-up reel driving circuit 5B in 
accordance with the take-up side torque change-over command j. The reel braking mechanism 12 brakes the 
supply reel 3A and the take-up reel 3B in accordance with the braking command e 

Next, explanation will be made of the deteimination of the balance torque value made by the balance torque 
value determining circuit 25. uawiiws mrque 

The balanced torque value means a torque value with which a torque generated by the supply reel motor 

*r da j^^ 

is generated in either direction. 

A condition under which no acceleration is exerted on the tape is satisfied by the following equation- 

F s = F T 

Representing this equation in terms of the tape radii and torques generated by the motors we obtain 

Js = Jj 

?^S ly h th , e h d ??r inati ° n ° f b3lanCed ^ Va "" 6 by the balanced to «» u « valu * determining circuit 
25 is made by the following equation: 



Tt = T s - J (9) 

The operation of the tape driving apparatus of the present embodiment having the above construction will 
now be explained using flow charts shown in Figs. 17A, 17B, and 17C, and a timing chart shown in Fig 18 

In the present embodiment, the whole of a portion 306 enclosed by a dotted line in Fig 16 is realized in the 
form of a software running an a microcomputer. The flow charts shown in Figs. 17A, 17B and 17C are those 

ch^Tr^T 0 ^ ln miCTOCom P uter - The *»*H> chart shown in Fig. 18 illustrates temporal 
changes of the supply s,de torque value a, the take-up side torque value b, the tape speed information c the 

l^fterlsion^e^^r *" COmmands * and * the brakin 9 command e, and the 

At the time of stop from a high-speed FF travel, the sum of squares of FG periods is determined and is 
compared with a predetermined value, as shown by the processing C of Fig. 17. In the case where the sum of 
T, ,S s "f erthan *• ^determined, a coefficient is set from a supply reel tape radius and 

■". I ^ mthe SetMefficient ' afiretsto P to ^e.thesupp.y reel tape radiusLatake-up 
ree tape radius jn accordance with equation (7) with a tension (F s ) being set to a value slightly higher than 
ftat '" the norma, travel. The feed torque is outputted through a D/A converter to the take-up reel driving circuit 
SB whrie the first stop torque is outputted through a D/A converter to the supply reel driving circuit 5A. On the 

SSLSTt ,T ^ SUm ° f SqUar6S ° f FG peri0dS is lar9er than the P^etermined value, a 
balanced torque is determined in accordance with equation (9) from the supply and take-up reel tape radii deter- 

ZSh^rSTTf ? T B 3 SeC ° nd St0P l ° rqUe Va ' Ue Presel ' and ,he balanced tor « ue * outputted 
trough the D/Aconverter to the take-up reel driving circuit 5B while the second stop torque is outputted through 

^ti^o7t n he e rils° SUPP ' y ree ' driVin9 CifCUit FlJfther ' braki " 9 iS tUmed ° N in 0rder to st °P tbe 
Thus, at the time of stop, the first stop torque having a large value is applied to the supply reel while the 

Z ZT, " T , 1° ^ S ke - UP ™* 35 Sh ° Wn in Fi9 - 18 - Thereb * a ra P fd deceleration^ is J£*£ 
Hie tape 2 be.ng kept at a stable condition having a tension value slightly higher than that in the normal travel 
When the tape speed c becomes below a predetermined value which is sufficiently low. the acceleration of the 
tape 2 becomes zero Accordingly, it is possible to rapidly stop the tape 2 without increasing abnormally the 
tension when the braking is applied. y 

M'ZrT 0 t0 Z***^ emb0diment mentioned above, there are provided the coefficient setting circuit 
202 for setting a coefficient based on the information of the tape radius on the take-up reel, the feed torque 
value determining circuit 213 for determining a feed torque value from the coefficient set by the coefficient set- 
ting circuit 202. the information of the wound tape radius on the take-up reel, information of the remaining £ 
radius on the supply reel and a supply side torque value b. the decision circuit 223 for outputting supply side 
and take-up s,de torque changeover commands i and ] and a braking command e from a mode change-over 
command d and tape speed information c, the supply side changeover circuit 234 for outputting a back torque 
value or a stop torque value to the supply reel driving circuit 5A in accordance with the supply side torque 
th?Il^ Ver C ° nin ? and ^ th « t , ake - u P side changeover circuit 235 for outputting a take-up control torque value 

le^o s rZ^K° r 3 ^ t0rqUe Va ' Ue ,0 tHe ree ' dr ™ 9 circuit 56 in with the 

4A t^H ,hl , ^ °^e-oyer command i. and the reel braking mechanism 12 for braking the supply reel 
4A and the take-up reel 4B in accordance with the braking command e. whereby the tape 2 can be rapidly stop- 
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ped without causing tape damage due to an abnormal tension upon issuance of the mode change-over com- 
mand d for stop. 

Also, since the supply reel 3A and the take-up reel 3B are mechanically braked after the tape speed 
becomes sufficiently low, tape damage caused at that time is small. Further, since the balanced torque value 
5 is set such that no acceleration is exerted on the tape, it is possible to brake surely the tape without causing 
large tape damage even if the reel braking mechanism 12 should break down. 

Furthermore, an excellent performance can be realized through a very easy operation by step-wise setting 
of the coefficient by the coefficient setting circuit 202 based on the information of the wound tape radius on the 
take-up reel. 

10 In addition, in the present embodiment, all the processings are performed by the software on a microcom- 

puter, thereby attaining such advantages as circuit size reduction, weight reduction and space saving. If all the 
processings have been performed by software even hitherto, such advantages can be realized with no increase 
in cost and hence the practical value of the present embodiment is very high. 

Fig. 19 is a block diagram showing the construction of a tape driving apparatus according to a seventh 

15 embodiment of the present invention. 

The tape driving apparatus of the present embodiment shown in Fig. 19 is constructed in combination of 
the components shown in Fig. 16 and the components shown in Fig. 13. 

The operation of the tape driving apparatus of the present embodiment having the above construction will 
now be explained using flow charts shown in Figs. 20A, 20B and 20C and a timing chart shown in Fig. 21 . 

20 In the present embodiment, the whole of a portion 307 is realized in the form of a software running on a 

microcomputer. The flow charts shown in Figs. 20A, 20B and 20C are those of the software incorporated in 
the microcomputer. The timing chart shown in Fig. 21 illustrates temporal changes of the supply side torque 
value a, the take-up side torque value b, the tape speed information c, the mode change-over command d, the 
torque change-over commands i and [, the braking command e, and the tape tension at that time. 

25 At the time of stopping the tape from a high-speed FF travel, a basic operation is similar to that in the sixth 

embodiment but each of the processings A and B shown in Fig. 20 additionally includes determining a loss 
torque conformable to the rotation speed of the reel motor at that time by use of the FG period detected and 
the processing C additionally includes determining a feed torque from equation (13) by use of the loss torques 
determined in the processings A and B. 

30 Thus, in the case where a tape radius on the reel in the feed torque generating side is small, a feed torque 

value of the take-up side torque value b becomes gradually large as a tape speed becomes high, as shown in 
Fig. 21 . Thereby, the lowering of a tape tension immediately after generation of the feed torque can be pre- 
vented and hence a rapid stop is made with the tension of the tape 2 being kept at a more stable condition. - 
According to the present embodiment mentioned above, there are provided the remaining tape radius 

35 detecting circuit 7A for determining information of the remaining tape radius on the supply reel, the wound tape 
radius detecting circuit 7B for determining information of the wound tape radius on the take-up reel, the supply 
side loss determining circuit 31 A for determining supply side loss information k, the take-up side loss deter- 
mining circuit 31 B for determining take-up side loss information £ , the coefficient setting circuit 202 for setting 
a coefficient from the information of the wound tape radius on the take-up reel, the feed torque value determining 

40 circuit 21 5 for determining a feed torque value from the coefficient set by the coefficient setting circuit 202, the 
information of the wound tape radius on the take-up reel, the information of the remaining tape radius on the 
supply reel, the supply side loss information k, the take-up side loss information and a supply side torque value 
b, the decision circuit 223 for outputting supply side and take-up side torque change-over commands i and j 
and a braking command efrom a mode change-over command d and tape speed information c, the supply side 

45 change-over circuit 234 for outputting a back torque value or a stop torque value to the supply reel driving circuit 
5A in accordance with the supply side torque change-over command i, the take-up side change-over circuit 
235 for outputting a take-up control torque value, the feed torque value or a balanced torque value to the take-up 
reel driving circuit 5B in accordance with the take-up side torque change-over command ], and the reel braking 
mechanism 12 for braking the supply reel 3A and the take-up reel 3B in accordance with the braking command 

so e, whereby the tape 2 can be rapidly stopped without causing tape damage due to an abnormal tension upon 
issuance of the mode change-over command d for stop. 

Also, since the supply reel 3A and the take-up reel 3B are mechanically braked after the tape speed 
becomes sufficiently low, tape damage caused at that time is small. Further, since the balanced torque value 
is set such that no acceleration is exerted on the tape, it is possible to brake surely the tape without causing 

55 large tape damage even if the reel braking mechanism 12 should break down. 

Furthermore, the feed torque value determining circuit 215 uses the supply side loss information k and the 
take-up side loss information £ for determination of the feed torque value. Therefore, even in the case where 
a difference in the tape radii between the supply reel 3A and the take-up reel 3b is large, the tape tension can 
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be kept at a constant value even upon transition with no occurrence of the slack of the tape thereby makirra 
it possible to realize a stable stop operation. 

In addition, an excellent performance can be realized through a very easy operation by determining the 
loss information k and £ by the loss determining circuits 31 A and 31 B from a linear function of the rotation speed 
information of each reel and step-wise setting of the coefficient by the coefficient setting circuit 202 based on 
the information of the wound tape radius on the take-up reel. 

Moreover, in the present embodiment, all processings are performed by the software on a microcomputer 
thereby attaining such advantages as circuit size reduction, weight reduction and space saving If all the pro^ 
cessmgs have been performed by software even hitherto, such advantages can be realized with no increase 
in cost and hence the practical value of the present embodiment is very high. 

Though the software on the microcomputer in the first to seventh embodiments is constructed with the pro- 
cessings A and B which are activated by FG signals respectively generated from the supply reel rotation speed 
detector 6A and the take-up reel rotation speed detector 6B and the processing C which is ways activated at 
a constant period, various manners of construction can be considered and hence the construction of the 
software is not limited to the disclosed embodiments. 

Also, in the second, sixth and seventh embodiments, the tape speed detecting circuit 10 uses pulses (FG) 
outputted from the rotation speed detectors 6a and 6B. However, there can be considered, for example a 
method in which a signal is recorded on the tape by means of a fixed head and a tape speed is detected from 
the period of the signal upon reproduction. Accordingly, the tape speed detecting method is not limited to those 
embodiments. 



Claims 



2. 



A tape driving apparatus comprising: 

driving means for driving a supply reel and a take-up reel, respectively; 

remaining tape radius detecting means for detecting information of a tape radius remaining on said 
supply reel; 

wound tape radius detecting means for detecting information of a tape radius wound on said take-up 

reel; 

take-up reel controlling means for producing take-up side torque information and controlling said 
take-up reel; " 

coefficient setting means for setting a determining coefficient of feed torque for said supply reel in 
accordance with said information of the remaining tape radius on said supply reel or said information of 
the wound tape radius on said take-up reel; 

feed torque value determining means for determining feed torque information of said supply reel 
on the basis of said take-up side torque information, said information of the remaining tape radius on said 
supply reel, said information of the wound tape radius on said take-up reel and said determining coefficient 
of feed torque; 

back torque value determining means for determining back torque information proportional to said 
information of the remaining tape radius on said supply reel; 

decision means for outputting a torque information change-over signal on the basis of a mode 
change-over command, said feed torque information and said back torque information; and 

change-over means for sending either one of said feed torque information and said back torque 
information to said supply reel driving means on the basis of said torque information change-over signal. 

A tape driving apparatus according to Claim 1 , wherein the coefficient set by said coefficient setting means 
takes discontinuous values for said information of the remaining tape radius on said supply reel or said 
information of the wound tape radius on said take-up reel. 



3. A tape driving apparatus comprising: 

driving means for driving a supply reel and a take-up reel, respectively; 
remaining tape radius detecting means for detecting information of a tape radius remaining on said 
supply reel; " 

wound tape radius detecting means for detecting information of a tape radius wound on said take-up 

reel; K 

tape speed detecting means for detecting tape speed information; 

take-up reel controlling means for producing take-up side torque information and controlling said 
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coefficient setting means for setting a determining coefficient of feed torque for said supply reel in 
accordance with said information of the remaining tape radius on said supply reel or said information of 
the wound tape radius on said take-up reel; 

feed torque value determining means for determining feed torque information of said supply reel 
on the basis of said take-up side torque information, said information of the remaining tape radius on said 
supply reel, said information of the wound tape radius on said take-up reel, said determining coefficient 
of feed torque and said tape speed information; 

back torque value determining means for determining back torque information proportional to said 
information of the remaining tape radius on said supply reel; 

decision means for outputting a torque information change-over signal on the basis of a mode 
change-over command, said feed torque information and said back torque information; and 

change-over means for sending either one of said feed torque information and said back torque 
information to said supply reel driving means on the basis of said torque information change-over signal. 

A tape driving apparatus according to Claim 3, wherein the coefficient set by said coefficient setting means 
takes discontinuous values for said information of the remaining tape radius on said supply reel or said 
information of the wound tape radius on said take-up reel. 

A tape driving apparatus comprising: 

driving means for driving a supply reel and a take-up reel, respectively; 

tape radius detecting means for detecting information of a tape radius remaining on said supply 
reel and information of a tape radius wound on said take-up reel, respectively; 

reel speed detecting means for detecting rotation speed information of said supply reel and rotation 
speed information of said take-up reel, respectively; 

loss determining means for determining information of respective losses in said supply reel driving 
means and take-up reel driving means on the basis of said rotation speed information of said supply reel 
and said rotation speed information of said take-up reel, respectively; 

take-up reel controlling means for producing take-up side torque information and controlling said 
take-up reel; 

coefficient setting means for setting a determining coefficient of feed torque for said supply reel in 
accordance with said information of the remaining tape radius on said supply reel or said information of 
the wound tape radius on said take-up reel; 

feed torque value determining means for determining feed torque information of said supply reel 
on the basis of said take-up side torque information, said information of the remaining tape radius on said 
supply reel, said information of the wound tape radius on said take-up reel, said determining coefficient 
of feed torque, said loss information of said supply reel driving means and said loss information of said 
take-up reel driving means; 

back torque value determining means for determining back torque information proportional to said 
information of the remaining tape radius on said supply reel; 

decision means for outputting a torque information change-over signal on the basis of a mode 
change-over command, said feed torque information and said back torque information; and 

change-over means for sending either one of said feed torque information and said back torque 
information to said supply reel driving means on the basis of said torque information change-over signal. 

A tape driving apparatus according to Claim 5, wherein at least one of said loss determining means deter- 
mines the loss information as a linear function of the rotation speed information of the corresponding reel. 

A tape driving apparatus according to Claim 5, wherein the coefficient set by said coefficient setting means 
takes discontinuous values for said information of the remaining tape radius on said supply reel or said 
information of the wound tape radius on said take-up reel. 

A tape driving apparatus comprising: 

driving means for driving a supply reel and a take-up reel, respectively; 

remaining tape radius detecting means for detecting information of a tape radius remaining on said 
supply reel; 

wound tape radius detecting means for detecting information of a tape radius wound on said take-up 



reel; 
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take-up torque value determining means for producing take-up torque information of said take-up 
reel during tape travel at a constant-speed; 

coefficient setting means for setting a determining coefficient of feed torque for said take-up reel 
in accordance with said information of the wound tape radius on said take-up reel or said information of 
the remaining tape radius on said supply reel; 

feed torque value determining means for determining feed torque information of said take-up reel 
on the bas.s of said supply side torque information, said information of the remaining tape radius on said 
supply reel, said information of the wound tape radius on said take-up reel and said determining coefficient 
of feed torque; 

decision means for outputting a torque information change-over signal on the basis of a mode 
change-over command, said feed torque information and said take-up torque information- and 

change-over means for sending either one of said feed torque information and said'take-up torque 
information to sa.d take-up reel driving means on the basis of said torque information change-over signal. 

A tape driving apparatus according to Claim 8, wherein the coefficient set by said coefficient setting means 
takes discontinuous values for said information of the remaining tape radius on said supply reel or said 
information of the wound tape radius on said take-up reel. 

20 

10. A tape driving apparatus comprising: 

driving means for driving a supply reel and a take-up reel, respectively; 

tape radius detecting means for detecting information of a tape radius remaining on said supply 
reel and information of a tape radius wound on said take-up reel, respectively; 

reel speed detecting means for detecting rotation speed information of said supply reel and rotation 
speed information of said take-up reel, respectively; 

loss determining means for determining information of respective losses in said supply reel driving 
means and take-up reel driving means on the basis of said rotation speed information of said supply reel 
and said rotation speed information of said take-up reel, respectively; 

supply reel controlling means for producing supply side torque i'nfoimation and controlling said sup- 
ply reel; 9 K 

take-up torque value determining means for producing take-up torque information of said take-up 
reel during tape travel at a constant-speed; 

coefficient setting means for setting a determining coefficient of feed torque for said take-up reel 
in accordance with said information of the wound tape radius on said take-up reel or said information of 
the remaining tape radius on said supply reel; 

feed torque value determining means for determining feed torque information of said take-up reel 
on the basis of said supply side torque information, said information of the remaining tape radius on said 
supply reel, said information of the wound tape radius on said take-up reel, said determining coefficient 
of feed torque, said loss information of said supply reel driving means and said loss information of said 
take-up reel driving means; 

decision means for outputting a torque information change-over signal on the basis of a mode 
change-over command, said feed torque information and said take-up torque information- and 

change-over means for sending either one of said feed torque information and said'take-up torque 
information to said take-up reel driving means on the basis of said torque information change-over signal. 

A tape driving apparatus according to Claim 1 0. wherein at least one of said loss determining means deter- 
mines the loss information as a linear function of the rotation speed information of the corresponding reel. 

A tape driving apparatus according to Claim 10. wherein the coefficient set by said coefficient setting 
means takes discontinuous values for said information of the remaining tape radius on said supply reel 
or said information of the wound tape radius on said take-up reel. 

13. A tape driving apparatus comprising: 
55 drivin 9 means for driving a supply reel and a take-up reel, respectively- 

remaining tape radius detecting means for detecting information of a tape radius remaining on said 

supply reel; 

wound tape radius detecting means for detecting information of a tape radius wound on said take-up 
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reel; 

tape speed detecting means for detecting tape speed information; 

supply reel controlling means for producing supply side torque information and controlling said sup- 
ply reel; 

take-up torque value determining means for producing take-up torque information of said take-up 
reel upon constant-speed travel; 

coefficient setting means for setting a determining coefficient of feed torque for said take-up reel 
in accordance with said information of the wound tape radius on said take-up reel or said information of 
the remaining tape radius on said supply reel; 

feed torque value determining means for determining feed torque information of said take-up reel 
on the basis of said supply side torque information, said information of the remaining tape radius on said 
supply reel, said information of the wound tape radius on said take-up reel and said determining coefficient 
of feed torque; 

balanced torque value determining means, receiving said information of the remaining tape radius 
on said supply reel, said information of the wound tape radius on said take-up reel and said supply side 
torque information, for producing balanced torque information on the take-up side which is calculated by 
(information of the wound tape radius on said take upreel)/{(supply side torque information) x (information 
of the remaining tape radius on said supply reel)}; 

decision means for outputting a torque information change-over signal on the basis of a mode 
change-over command, said tape speed information, said feed torque information and said take-up torque 
information; and 

change-over means for sending either one of said feed torque information, said take-up torque infor- 
mation and said balanced torque information to said take-up reel driving means on the basis of said torque 
information change-over signal. 

14. A tape driving apparatus according to Claim 13, wherein the coefficient set by said coefficient setting 
means takes discontinuous values for said information of the remaining tape radius on said supply reel 
or said information of the wound tape radius on said take-up reel. 



15. A tape driving apparatus comprising: 

driving means for driving a supply reel and a take-up reel, respectively; 
. tape radius detecting means for detecting information of a tape radius remaining on said supply 
reel and information of a tape radius wound on said take-up reel, respectively; 

reel speed detecting means for detecting rotation speed information of said supply reel and rotation 
speed information of said take-up reel, respectively; 

tape speed detecting means for detecting tape speed information; 

loss determining means for determining information of respective losses in said supply reel driving 
means and take-up reel driving means on the basis of said rotation speed information of said supply reel 
and said rotation speed information of said take-up reel respectively; 

supply reel controlling means for producing supply side torque information and controlling said sup- 
ply reel; 

take-up torque value determining means for producing take-up torque information of said take-up 
reel during tape travel at a constant-speed; 

coefficient setting means for setting a determining coefficient of feed torque for said take-up reel 
in accordance with said information of the wound tape radius on said take-up reel or said information of 
the remaining tape radius on said supply reel; 

feed torque value determining means for determining feed torque information of said take-up reel 
on the basis of said supply side torque information, said information of the remaining tape radius on said 
supply reel, said information of the wound tape radius on said take-up reel, said determining coefficient 
of feed torque, said loss information of said supply reel driving means and said loss information of said 
take-up reel driving means; 

balanced torque value determining means, receiving said information of the remaining tape radius 
on said supply reel, said information of the wound tape radius on said take-up reel and said supply side 
torque information, for producing balanced torque information on the take-up side which is calculated by 
(information of the wound tape radius on said take-up reel)/{(supply side torque information) x (information 
of the remaining tape radius on said supply reel)}; 

decision means for outputting a torque information change-over signal on the basis of a mode 
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